CELL FOR ANALYZING FLUID AND 
ANALYZING APPARATUS USING THE SAME 

[0001] 

BACKGROUND OF THE INVENTION 
The present invention relates to a cell for analyzing fluid 
and an analyzing apparatus using the cell. 
[0002] 

In the cell for analyzing fluid which is configured in 
a manner that sample flows therein, an irradiation portion for 
irradiating light toward the sample is disposed at one end side 
of the cell, and a detector for detecting the light irradiated 
from the irradiation portion and transmitted through the sample 
is disposed at the other end side of the cell, in general, a 
light path from the irradiation portion is set in view of obtaining 
the absorbance of the sample and the length of the cell (cell 
length) is also determined in accordance with the optical length . 

[0003] 

As a cell which can suppress the loss of the light irradiated 
from the irradiation portion to the minimum degree and obtain 
a sufficient optical length, there is a cell having a long cell 
length (for example, lm) . Further, there was proposed a long 
optical length cell which is short in its cell length but large 
in its sectional area and provided with a complicated reflection 
structure within the cell to reflect the light from the 
irradiation portion in several stages thereby to obtain a 



sufficient optical length. 
[0004] 

However, according to the conventional cell for analyzing 
fluid configured in the aforesaid manner, a light shielding 
structure is required in order to prevent optical loss that the 
light from the irradiation portion introduced within the cell 
leaks outside through the wall of the cell, and also prevent 
influence of disturbance light transmitted through the cell wall 
and entered into the cell. Further, the conventional cell 
requires a large-sized optical axis adjusting mechanism (an 
optical system adjusting mechanism) with an aperture, lens etc. 
in order to suitably introduce the light from the irradiation 
portion within the cell and further introduce to the detector. 
[0005] 

Further, the cell with the reflection structure therein 
has a problem that a precise and complicated reflection structure 
is required and a volume of the cell becomes larger in order 
to obtain a sufficient optical length due to the reflection. 

[0006] 

Further, according to the conventional cell for analyzing 
fluid configured in the aforesaid manner , the volume of the cell 
is large since the cell is configured in a linear shape or the 
reflection structure is provided within the cell, so that the 
space for disposing the cell itself becomes large and much sample 
is required. In addition, since the cell is required to be 



provided with the aforesaid additional mechanism, there arises 
a problem that the space for disposing the cell becomes further 
larger . 

[0007] 

5 Further, according to the conventional cell, in the case 

of changing the cell length, the hardware (for example, the 
analyzing apparatus using the cell) is required to be changed 
entirely and so the cell length cannot be changed easily. 
[0008] 

10 Further, as another conventional cell for analyzing fluid, 

there is a flow cell which is provided with a housing 19 having 
a first end portion 17 and a second end portion 18 as shown in 
Fig. 5. The first end portion 17 is provided so as to oppose 
to a not-shown light source and has a transparent window portion 

15 17a (light is guided within an inner flow path through the window 
portion from the not-shown light source) . The second end portion 
18 is provided so as to oppose to a not-shown sensor for detecting 
the light from the light source and has a transparent window 
portion 18a (the light is introduced to the outside, that is, 

20 the sensor side from the inner flow path through the window 
portion) . 

[0009] 

The housing 19 has an inner flow path 20 formed linearly 
from the first end portion 17 to the second end portion 18, an 
25 inlet 21 for introducing liquid sample to the first end portion 
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17, and an outlet 22 for extruding the liquid sample within the 
inner flow path 20. 
[0010] 

According to the aforesaid cell for analyzing fluid, the 
5 inner wall forming the inner flow path 20 is covered by Teflon 
(trade mark) AF which is material 23 having a refraction index 
smaller than that of water. Thus, the light directed to the 
sensor from the light source through the liquid sample within 
the inner flow path 20 travels within the inner flow path 20 
[f\ 10 while being internally reflected almost completely by the 
p material 23, so that the loss of light is suppressed. 

[0011] 



r; ; 
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w However, according to the cell for analyzing fluid thus 
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configured, in the case of changing the cell length in 
15 correspondence with the nature, kinds etc. of the liquid sample 
serving as a subject to be measured, it is required to use another 
housing having an inner flow path with a different length. In 
other words, it is difficult to change the cell length by using 
only one housing. Further, according to the cell for analyzing 
20 fluid configured in the aforesaid manner, a subject capable of 
being measured is limited to liquid samples having a refraction 
index larger than that of the material 23. 
[0012] 

SUMMARY OF THE INVENTION 
25 The invention has been made in view of the af oresaidmatter, 
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and an object of the invention is to provide a cell for analyzing 
fluid and an analyzing apparatus using the cell which can improve 
the degree of f reedomas to the arrangement of the cell , be disposed 
at a small space, obtain a sufficient optical length by a small 
amount of sample, does not require a large-sized light shielding 
mechanism nor an additional many constituent parts and can change 
the optical length easily. 
[0013] 

Inorder to attain the aforesaid obj ect , acell for analyzing 
fluid according to first aspect of the invention is arranged 
in a manner that in the cell for analyzing fluid configured in 
a manner that sample flows therein and irradiation light passes 
through the sample, the cell includes an inner tube in which 
the sample passes, a protection tube formed on an outside of 
the inner tube to hold shape of the inner tube, and a reflection 
layer formed between the inner tube and the protection tube to 
reflect the light passing within the inner tube. 

[0014] 

The protection tube may have a function of preventing light 
incident from outside from transmitting on the inner tube side. 
[0015] 

According to the cell for analyzing fluid configured in 
the aforesaid manner, the reflection layer can prevent light 
introduced within the inner tube from the irradiation portion 
from leaking outside, and the protection tube can prevent 



disturbance light from entering within the cell, so that it is 
not necessary to separately provide a light shielding mechanism 
for preventing the light passing within the inner tube from 
leaking outside and preventing the disturbance light from 
entering within the inner tube. Further, since the light from 
the irradiation portion passes within the inner tube while being 
repeatedly ref lectedby the reflection layer, it is not necessary 
to separately provide a large-sized optical axis adjusting 
mechanism such as an aperture, lens etc. for suitably introducing 
the light from the irradiation portion to the detector. That 
is, according to the cell for analyzing fluid of the invention, 
since additive constructions such as the aforesaid light 
shielding mechanism and the optical axis adjusting mechanism 
are not required, the configuration of the cell can be simplified 
and the cell itself can be disposed at a smaller space. 
[0016] 

According to the cell for analyzing fluid configured in 
the aforesaid manner, the light from the irradiation portion 
passes within the inner tube and is directed to the detector 
while being repeatedly reflected by the reflection layer. In 
this case, since the reflection layer is formed along the outside 
of the inner tube, there arises no problem even when the inner 
diameter of the inner tube is made small. In addition, when 
the inner diameter of the inner tube is made small, it becomes 
possible to dispose the cell itself at a smaller space and an 
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optical length with a sufficient length can be obtained by a 
small amount of the sample. 
[0017] 

Further, the cell for analyzing fluid configured in the 
5 aforesaid manner can be formed by bending freely in a range not 
causing a trouble in the light transmission from the irradiation 
portion to the detector. That is, since the degree of freedom 
of the shape of the cell is high, the cell can be disposed at 
y : a smaller space as compared with the conventional cell which 



p 10 is low (zero) in the degree of freedom of the shape of the cell 



pj 15 tube into the protection tube within the atmosphere, for example, 

ru 

so that it is possible to fabricate the cell for analyzing fluid 
at a lower cost and easily. Further, since the air layer with 
a quite small refractive index is used as the reflection layer, 
the difference of the refractive index between the inner tube 

20 and the reflection layer can be made quite large as compared 
with the conventional cell for analyzing fluid shown in Fig. 
5 in which Teflon (trade mark) AF is used as the reflection layer, 
for example. Thus, the light introduced within the inner tube 
from the irradiation portion can be more surely prevented from 

25 leaking outside. Further, in the conventional cell for 




the reflection layer can be formed by merely inserting the inner 



such that the cell can not be bent. 



When the reflection layer is formed to be an air layer, 



[0018] 
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analyzing fluid shown in Fig. 5, the light passing through the 
liquid sample within the inner flow path 17 is reflected by Teflon 

(trade mark) which is material having a refractive index smaller 
than that of the water, so that a sub j ect to be measured is limited 
to material having a refractive index larger than that of Teflon 

(trade mark) . However, as described above, in the cell for 
analyzing fluid of the invention in which the air layer with 
a quite small refractive index is used as the reflection layer, 
various kinds of the samples can be used as a subj ect to be measured . 
Further, the cell for analyzing fluid according to the aforesaid 
configuration is particularly suitable when used in a case where 
such an excellent effect that the loss of the light from the 
irradiation portion is small is more important, that is, a case 
where the cell is required to be bent in a U shape, for example. 
[0019] 

Further, the reflection layer may be formed by light 
reflection means provided on the outer surface of the inner tube . 
[0020] 

Further, each of the inner tube, the protection tube and 
the reflection layer may have flexibility and bend freely. 
[0021] 

According to the cell for ^analyzing fluid configured in 
the aforesaid manner, the degree of the freedom of the shape 
of the cell becomes very high. Thus, in a case of changing the 
optical length, it is not necessary to change the hardware 
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configuration element (s) of the analyzing apparatus using the 
cell such as the irradiation portion, the detector etc., and 
the optical length can be changed easily by suitably changing 
the shape of the cell or cutting a part of the cell. 
5 [0022] 

Additionally, the cell for analyzing fluid according to 
second aspect of the invention may be arranged in a manner that 
in the cell for analyzing fluid configured in a manner that sample 
flows therein and irradiation light passes through the sample, 
10 the cell for analyzing fluid comprises an inner tube in which 

■sr : 

p the sample passes, and light reflection means provided on an 

ru 

fy outer surface of the inner tube to reflect the light passing 

Q within the inner tube. 

i s 

fU [0023] 

15 The effect obtained from the analyzing apparatus according 

to the second aspect is almost same as that of the analyzing 
apparatus according to first aspect. However, according to the 
cell of the second aspect, it becomes possible to further reduce 
the size of the cell since the protection tube is not reguired 
20 to be used. 

[0024] 

Further, the light reflection means may have a function 
of preventing light incident from outside from transmitting on 
the inner tube side. 
25 [0025] 



Pi 



9 



Further, the cell for analyzing fluid according to the 
invention may be arranged in a manner that each of the inner 
tube and the light reflection means has flexibility and bends 
freely. 

[0026] 

According to the cell for analyzing fluid configured in 
the aforesaid manner, the degree of the freedom of the shape 
of the cell becomes very high. Thus, in a case of changing the 
optical length, it is not necessary to change the hardware 
configuration element (s) of the analyzing apparatus using the 
cell such as the irradiation portion, the detector etc., and 
the optical length can be changed easily by suitably changing 
the shape of the cell or cutting a part of the cell. 
[0027] 

The cell for analyzing fluid according to third aspect 
of the invention may be arranged in a manner that in the cell 
for analyzing fluid configured in a manner that sample flows 
therein and irradiation light passes through the sample, the 
cell for analyzing fluid is characterized by comprising an 
optical fiber configured by a hollow core in which the sample 
passes and a clad formed on the outside of the core and reflecting 
light passing within the core . Moreover, a protection tube may 
be formed outer the optical fiber to holds shape of the optical 
fiber . 

[0028] 
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The effect obtained from the cell for analyzing fluid 
according to the third aspect is almost same as that of the cell 
for analyzing fluid according to the first aspect. 

[0029] 

Further, the protection tube may have a function of 
preventing light incident from outside from transmitting on the 
optical fiber side. 

[0030] 

Further, each of the optical fiber and the protection tube 
may have flexibility and bends freely . In this case, the degree 
of the freedom of the shape of the cell becomes very high. Thus, 
in a case of changing the optical length, it is not necessary 
to change the hardware configuration element (s) of the analyzing 
apparatus using the cell such as the irradiation portion, the 
detector etc., and the optical length can be changed easily by 
suitably changing the shape of the cell or cutting a part of 
the cell. 

[0031] 

The analyzing apparatus using the cell for analyzing fluid 
according to fourth aspect of the invention may be arranged in 
a manner that in the analyzing apparatus comprising the cell 
for analyzing fluid configured^ to flow sample therein, an 
irradiation portion disposed at one end side of the cell for 
irradiating light toward inside of the cell, and a detector 
disposed at the other end side of the cell for detecting light 
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passing through the inside of the cell from the irradiation 
portion, the cell includes an inner tube in which the sample 
passes, a protection tube formed on an outside of the inner tube 
to hold shape of the inner tube, and a reflection layer formed 
between the inner tube and the protection tube to reflect the 
light passing within the inner tube. 
[0032] 

The analyzing apparatus configured in the aforesaid manner 
is the analyzing apparatus using the cell for analyzing fluid 
according to first aspect, and the effect similar to that obtained 
from the cell for analyzing fluid according to the first aspect 
can be obtained. Further, since the cell for analyzing fluid 
can be disposed at a smaller space, the entire configuration 
of the apparatus can be made compact. 

[0033] 

Further, the protection tube may have a function of 
preventing light incident from outside from transmitting on the 
inner tube side. 

[0034] 

When the reflection layer is formed to be an air layer, 
the reflection layer can be formed by merely inserting the inner 
tube into the protection tube within the atmosphere, for example, 
so that it is possible to fabricate the analyzing apparatus using 
the cell for analyzing fluid at a lower cost and easily . Further, 
since the air layer with a guite small refractive index is used 



12 



as the reflection layer, the difference of the refractive index 
between the inner tube and the reflection layer can be made quite 
large as compared with the conventional cell for analyzing fluid 
shown in Fig. 5 in which Teflon (trade mark) AF is used as the 
5 reflection layer, for example. Thus, the light introduced 
within the inner tube from the irradiation portion can be more 
surely prevented from leaking outside. Further, in the 
conventional cell for analyzing fluid shown in Fig. 5, the light 
passing through the liquid sample within the inner flow path 

10 17 is reflected by Teflon (trade mark) which is material having 
a refractive index smaller than that of the water, so that a 
subj ect to be measured is limited to material having a refractive 
index larger than that of Teflon (trade mark) . However, as 
described above, in the cell for analyzing fluid of the invention 

15 in which the air layer with a quite small refractive index is 
used as the reflection layer, various kinds of the samples can 
be used as a subject to be measured. Further, the cell for 
analyzing fluid according to the aforesaid configuration is 
particularly suitable when used in a case where such an excellent 

20 effect that the loss of the light from the irradiation portion 
is small is more important, that is, a case where the cell is 
required to be bent in a U shape, for example. 
[0035] 

Further, the reflection layer may be formed by light 
25 reflection means provided on the outer surface of the inner tube . 
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[0036] 

Further, each of the inner tube, the protection tube and 
the reflection layer may have flexibility and bend freely. 
[0037] 

5 According to the analyzing apparatus configured in the 

aforesaid manner, the degree of the freedom of the shape of the 
cell becomes very high. Thus, in a case of changing the optical 
length, it is not necessary to change the hardware configuration 
element (s) of the analyzing apparatus using the cell such as 

i fi 
% l i 
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10 the irradiation portion, the detector etc., and the optical 
length can be changed easily by suitably changing the shape of 
the cell or cutting a part of the cell. 
[0038] 

The analyzing apparatus using the cell for analyzing fluid 
15 according to fifth aspect of the invention may be arranged in 
a manner that in the analyzing apparatus comprising a cell for 
analyzing fluid configured to flow sample therein, an irradiation 
portion disposed at one end side of the cell for irradiating 
light toward inside of the cell, and a detector disposed at other 
20 end side of the cell for detecting light passing through the 
inside of the cell from the irradiation portion, the cell includes 
an inner tube in which the sample passes, and light reflection 
means provided on the outer surface of the inner tube to reflect 
the light passing within the inner tube. 
25 [0039] 
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The effect obtained from the analyzing apparatus according 
to the fifth aspect is almost same as that of the analyzing 
apparatus according to fourth aspect. However, according to 
the apparatus of fifth aspect, it becomes possible to further 
reduce the size of the cell since the protection tube is not 
reguired to be used. 

[0040] 

Further, the light reflection means may have a function 
of preventing light incident from outside from transmitting on 
the inner tube side. 

[0041] 

Further, each of the inner tube and the light reflection 
means may have flexibility and bends freely. 
[0042] 

According to the analyzing apparatus configured in the 
aforesaid manner, the degree of the freedom of the shape of the 
cell becomes very high. Thus, in a case of changing the optical 
length, it is not necessary to change the hardware configuration 
element (s) of the analyzing apparatus using the cell such as 
the irradiation portion, the detector etc., and the optical 
length can be changed easily by suitably changing the shape of 
the cell or cutting a part of the cell. 
[0043] 

The analyzing apparatus using the cell for analyzing fluid 
according to sixth aspect of the invention may be arranged in 
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a manner that in the analyzing apparatus comprising a cell for 
analyzing fluid configured to flow sample therein, an irradiation 
portion disposed at one end side of the cell for irradiating 
light toward inside of the cell, and a detector disposed at other 
5 end side of the cell for detecting light passing through the 
inside of the cell from the irradiation portion, the cell includes 
an optical fiber configured by a hollow core in which the sample 
passes and a clad formed on an outside of the core and reflecting 
light passing within the core . Moreover, a protection tube may 
10 be formed outer the optical fiber to hold shape of the optical 
fiber . 

[0044] 

The analyzing apparatus according to sixth aspect is the 



analyzing apparatus using the cell for analyzing fluid according 



15 to the third aspect, and the effect similar to that obtained 
from the cell for analyzing fluid according to the third aspect 
can be obtained. 
[0045] 

Further, the protection tube may have a function of 
20 preventing light incident from outside from transmitting on the 
optical fiber side. 
[0046] 

Further, each of the optical fiber and the protection tube 
my have flexibility and bends freely. 
25 [0047] 
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According to the analyzing apparatus configured in the 
aforesaid manner, the degree of the freedom of the shape of the 
cell becomes very high. Thus, in a case of changing the optical 
length, it is not necessary to change the hardware configuration 
element (s) of the analyzing apparatus using the cell such as 
the irradiation portion, the detector etc., and the optical 
length can be changed easily by suitably changing the shape of 
the cell or cutting a part of the cell. 

BRIEF DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 is an explanatory diagram for schematically showing 
the configuration of an analyzing apparatus using a cell for 
analyzing fluid according to the embodiment of the invention; 

Fig. 2 is an explanatory diagram for schematically showing 
the configuration of the cell for analyzing fluid according to 
the embodiment; 

Fig. 3Ais an explanatory diagram for schematically showing 
the configuration of a modified example of the cell for analyzing 
fluid; 

Fig. 3B is an explanatory diagram for schematically showing 
the configuration of another modified example of the cell for 
analyzing fluid; 

Fig. 4A is a longitudinal ^sectional diagram for 
schematically showing the configuration of the cell for analyzing 
fluid according to the second embodiment of the invention; 

Fig. 4B is a longitudinal sectional diagram for 
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schematically showing the configuration of the cell for analyzing 
fluid according to the third embodiment of the invention; and 
Fig. 5 is an explanatory diagram for schematically showing 
the configuration of a conventional cell for analyzing fluid. 
5 [0048] 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The embodiment of the invention will be explained with 
reference to the accompanying drawings. 

Fig. 1 is an explanatory diagram for schematically showing 
10 the configuration of an analyzing apparatus D using a cell C 
for analyzing fluid (hereinafter called a cell) according to 
the embodiment of the invention, and Fig. 2 is an explanatory 
diagram for schematically showing the configuration of the cell 
C. 

15 The analyzing apparatus D includes the cell C configured 

to flow sample S therein; an irradiation portion 1 which is 
disposed at the one end side of the cell C and irradiates light 
toward the inside of the cell C; a detector 2 which is disposed 
at the other end side of the cell C and detects the light irradiated 

20 from the irradiation portion 1 and passed through the inside 
of the cell C; a first coupling member 5 to which the one end 
3 of the cell C and a transmission window member 4 through which 
the light from the irradiation portion 1 transmits are coupled 
in such a state that the one end and the transmission window 

25 member are opposed to each other, and to which an introduction 
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path (not shown) for introducing the sample S, reference water 
(not shown) etc . into the cell C is coupled; and a second coupling 
member 8 to which the other end 6 of the cell C and a transmission 
window member 7 through which the light passed within the cell 
C transmits are coupled in such a state that the other end and 
the transmission window member are opposed to each other, and 
to which an extruding path (not shown) for extruding the sample 
S, reference water (not shown) etc. supplied within the cell 
C is coupled. 
[0049] 

The cell C is formed in an almost U-shape and configured 
by an inner tube 9 within which the sample S passes; a protection 
tube 10 which is formed at the outside of the inner tube 9 to 
hold the shape of the inner tube 9 and prevents external light 
from transmitting on the inner tube 9 side; and a reflection 
layer 11, formed between the inner tube 9 and the protection 
tube 10, for reflecting the light passing within the inner tube 
9. 

[0050] 

The inner tube 9 is a tube formed by material with quality 
such as FEP resin, glass etc. (that has such a property as acid 
resistance, alkali resistance etc. and so does not chemically 
react with the sample S) that transmits the light from the 
irradiation portion 1 and does not cause change of properties 
nor deformation such as corrosion, dissolution, softening etc. 
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Further, this inner tube is formed such that the inner diameter 
thereof is 2mm or less, for example. 
[0051] 

When the inner tube 9 is configured in the aforesaid manner , 
5 this inner tube may be flexible or not. Further, needless to 
say, the properties of the inner tube 9 is determined by the 
sample S and necessarily may not have the aforesaid properties . 
[0052] 

The protection tube 10 is a tube formed by metal (stainless 
10 etc. ) , resin (nylon etc. ) . The protection tube 10 may have such 

if! 

fj! a heat insulation structure in accordance with the place where 

P- 

fU the cell C is used that the periphery of the protection tube 

fij 

10 is covered by heat insulation material or the protection tube 

10 is formed by the heat insulation material. 
15 [0053] 

The reflection layer 11 is a layer formed by material 
(irrespective of solid or fluid) that can obtain a suitable 
refractive index (a refractive index smaller than that of the 
material forming the inner tube 9) . For example, this reflection 
20 layer may be an air layer. In this case, when the inner tube 
9 is inserted within the protection tube 10 in the atmosphere, 
the air layer is necessarily formed between the inner tube 9 
and the protection tube 10. Further, when the reflection layer 

11 is formed by the air layer, it is possible to fabricate the 
25 cell C and the analyzing apparatus D with a lower cost. 



G 
h ! 



20 



[0054] 

In this respect, the reflection layer 11 is not limited 
to the air layer, and may be formed by filling gas other than 
air ( such as inactive gas ) limited in its refractive index between 
the inner tube 9 and the protection tube 10, for example. 

[0055] 

Alternatively, light reflection means such as Al, Au etc. 
having a property of reflecting light may be formed by coating, 
winding or depositing on the outer periphery of the inner tube 
9. In this case, resin, glass etc. may be employed as the inner 
tube 9. Further, in this case, it becomes possible to shield 
disturbance light badly influencing on the measurement by using 
the reflection material . Thus, it is not necessary to provide 
the protection tube 10 when the inner tube 9 is not flexible, 
or when the inner tube 9 has such a degree of intensity not being 
deformed easily or the shape of the inner tube 9 is held 
sufficiently by the light reflection means even if the inner 
tube 9 is flexible. The light reflection means may be used 
together with the reflection layer 11, or either one of the 
reflection layer 11 and the light re fleet ion means maybe provided 
[0056] 

The inner diameter of the inner tube 9 and the length of 
the cell C may be set arbitrarily in accordance with the amount 
and absorbance of the sample S. 

[0057] 



The light irradiated from the irradiation portion 1 may- 
be near infrared ray or visible light, for example. 
[0058] 

The material of the transmission window member 4 may be 
glass, resin etc., and may be formed by crystal (for example, 
monocrystal of KBr) etc. in accordance with the wavelength of 
the light to be detected by the detector 2 and the subject to 
be measured. Further, the transmission window member 4 may be 
formed in a thin film shape or a thin plate shape, or a thick 
plate shape or a pillar shape. 

[0059] 

The first coupling member 5 is configured in an almost 
T shape, for example, and has a cell coupling port 5a to which 
the one end 3 of the cell C is coupled, a transmission window 
coupling port 5b which is closed or blocked by being coupled 
to the transmission window member 4, and an introducing path 
coupling port 5c to which the introducing path is coupled. The 
cell coupling port 5a, the transmission window coupling port 
5b and the introducing path coupling port 5c are communicated 
from one another, and the one end 3 of the cell C in a state 
of being coupled to the cell coupling port 5a and the transmission 
window member 4 in a state of being coupled to the transmission 
window coupling port 5b are disposed to oppose to each other. 

[0060] 

The respective coupling ports 5a, 5b, 5c of the first 
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coupling member 5 are coupled to the one end 3 of the cell C, 
the transmission window member 4, and the introducing path 
through sealing members 12 such as 0 rings so that water does 
not leak from the coupling portions. 
[0061] 

The quality of material and the shape of the transmission 
window member 7 are similar to those of the transmission window 
member 4 . 

[0062] 

The second coupling member 8 is configured in an almost 
T shape, for example, and has a cell coupling port 8a to which 
the other end 6 of the cell C is coupled, a transmission window 
coupling port 8b which is closed or blocked by being coupled 
to the transmission window member 7, and an extruding path 
coupling port 8c to which the extruding path is coupled. The 
cell coupling port 8a, the transmission window coupling port 
8b and the extruding path coupling port 8c are communicated from 
one another, and the other end 6 of the cell C in a state of 
being coupled to the cell coupling port 8a and the transmission 
window member 7 in a state of being coupled to the transmission 
window coupling port 8b are disposed to oppose to each other. 

[0063] 

The respective coupling ports 8a, 8b, 8c of the second 
coupling member 8 are coupled to the other end 6 of the cell 
C, the transmission windowmember 7 and the extruding path through 
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sealing members 12 such as 0 rings so that water does not leak 
from the coupling portions. 
[0064] 

Since each of the first coupling member 5 and the second 
5 coupling member 8 is configured in the almost T shape, each of 
these members can be easily attached newly after replacing the 
cell with another cell C with a different length or changing 
the length of the cell C by cutting the one end or the both ends 
of the cell C by a suitable length. 
10 [0065] 

Next, the operation of the analyzing apparatus D configured 
in the aforesaid manner will be explained. 

In the analyzing apparatus D configured in the aforesaid 
manner, the sample S introduced within the first coupling member 
15 5 from the introducing path coupling port 5c through the 

introducing path is not directed to the transmission window 
coupling port 5b side blocked by the transmission window member 
4 but extruded within the inner tube 9 of the cell C from the 
one end 3 of the cell C coupled to the cell coupling port 5a. 
20 Then, the sample S introduced within the second coupling member 

8 from the cell coupling port 8a passing through the inner tube 

9 is not directed to the transmission window coupling port 8b 
side blocked by the transmission window member 7 but extruded 
from the extruding path coupled to the extruding path coupling 

25 port 8c. 
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[0066] 

When the light is irradiated from the irradiation portion 
1 toward the sample S in a state of being accommodated inside 
of the inner tube 9 of the cell C, the light transmitted through 
the transmission window member 4 is introduced within the cell 
C from the one end 3 of the cell. In this respect, in a case 
where the sample S is water, for example, the refraction index 
of the sample S (water) is smaller than that of the inner tube 
9, and the refraction index of the inner tube 9 is larger than 
that of the reflection layer 11 (the air layer) . To be more 
concrete, the relation of the refraction indexes among the sample 
S, the inner tube 9, the reflection layer 11 (the air layer) 
is middle, large, small, respectively. When the light passing 
within the sample S transmits the inner tube 9, the light thus 
transmitted is reflected by the reflection layer 11 having the 
refraction index smaller than that of the inner tube 9 and directed 
to the center side of the inner tube 9. In this case, almost 
of the light reflected by the reflection layer 11 transmits 
through the inner tube 9 and reaches the sample S side. In this 
manner, the light from the irradiation portion 1 travels within 
the cell C, then is extruded from the other end 6 of the cell 
C, then transmitted through the^ transmission window member 7 
and reaches the detector 2 . 

[0067] 

The sample S is analyzed in the following manner by using 
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the analyzing apparatus D configured in this manner. That is, 
first, the sample S is accommodated within the cell C, then in 
this state, predetermined light is irradiated from the 
irradiation portion 1 toward the sample S within the cell C, 
and the light transmitted within the cell C is detected by the 
detector 2. The transmittivity or transmission factor, 
absorbance etc. of the sample S can be obtained based on the 
output of the detector 2 thus obtained and the output of the 
detector 2 obtained by performing the operation similar to the 
aforesaid operation by using the reference water. 
[0068] 

At the time of analyzing the sample S, the sample S may 
be in a state of flowing or being stationary. 
[0069] 

The cell C configured in the aforesaid manner can be formed 
by bending freely within a range not interfering the light 
transmission from the irradiation portion 1 to the detector 2. 
Thus, even when the cell is required to be long in its optical 
length and so the cell C itself is made long, the cell can be 
disposed in a space smaller than that for a cell that can not 
be bent, by forming the cell in a U shape, for example. Further, 
the analyzing apparatus D using the cell C can be made compact 
in its entire configuration by the similar reason. Since the 
cell C and the analyzing apparatus D have the aforesaid merits, 
they can be housed within smaller casings, for example. 
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[0070] 

According to the cell C configured in the aforesaid manner, 
even if the inner diameter of the inner tube 9 is set to be small 
(for example, 2mmorless), the light from the irradiationportion 
5 1 reaches the detector 2 without being lost largely, so that 
the inner diameter of the inner tube 9 can be made small to make 
the inner volume of the inner tube 9 small without causing 
disadvantage. Thus, the diameters of the reflection layer 11 
and the protection tube 10 formed on the outer side of the inner 
10 tube 9 can also be made small, whereby the cell C can be formed 
to be thinner and smaller and further the required amount of 
the sample S can also be made small. For example, in a case 
where the optical length from the irradiation portion 1 to the 
detector 2 is lm, when the inner diameter of the inner tube 9 
15 is set to be 1mm, the inner volume of the inner tube 9 can be 
reduced to about 3ml . Further, the analyzing apparatus D using 
the cell C can be made compact in its entire configuration by 
the similar reason, and the required amount of the sample S can 
also be made small. 
20 [0071] 

According to the cell C and the analyzing apparatus D 
configured in the aforesaid manner, the single member (the 
protection tube 10) is provided with a function of holding the 
shape of the inner tube 9 and a light shielding function for 
25 preventing the light incident from the outside of the cell C 
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from traveling to the inner tube 9 side, so that none of a 
large-scaled light shielding mechanism or additional many 
constituent parts are required. 
[0072] 

5 Further, according to the cell C and the analyzing apparatus 

D configured in the aforesaid manner, since the light from the 
irradiation portion 1 passes within the inner tube 9 while being 
reflectedby the reflection layer 11, optical loss is quite small 
and further the cell C itself can be bent while maintaining such 
f;;i 10 an effect. When the configuration of the cell C is changed 
suitably in this manner, it is possible to freely replace the 
cell C with another cell with a different length without changing 
the relative distance between the irradiation portion 1 and the 
detector 2, for example. That is, in a case of replacing the 
q 15 cell C with another cell with a different length, it becomes 
possible to eliminate the change of the hardware configuration 
element (s) (for example, the shifting of the position of the 
detector 2, the replacement of one which can alternate the space 
being made shorter in the length of the cell C) . When the length 
20 of the cell C is changed in this manner, it is merely required 
to adjust the sensitivity thereof. 
[0073] 

Further, since the cell C itself is not surrounded by a 
hard frame etc., the cell C can be changed into a cell C with 
25 a different cell length by merely cutting the other end 6 side 
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(alternatively, may be the one end 3 side or both the end 3, 
6 sides) of the cell C at a work site thereby to merely couple 
the other end 6 (alternatively, may be the one end 3 or both 
the ends 3, 6) of the cell C newly formed in this manner to the 
coupling member, for example. 
[0074] 

Further, according to the analyzing apparatus D configured 
in the aforesaid manner, since the both ends of the cell C can 
be freely attached to and detached from the cell coupling port 
5a of the first coupling member 5 and the cell coupling port 
8a of the second coupling member 8, the change of the length 
of the cell C (that is, the replacement or the cutting of the 
cell C) can be performed easily. 

[0075] 

According to the cell C and the analyzing apparatus D 
configured in the aforesaid manner, since the measurement can 
be performed even with a small amount of the sample S by making 
the optical length longer, the cell and the analyzing apparatus 
are particularly effective when used in the measurement such 
as absorbance, transmi ttivity etc . for measuring a small amount 
of coexisting material (including dissolved material) within 
pure water or ultrapure water at a high sensitivity. 
[0076] 

Incidentally, the configuration of thecellCisnot limited 
to the almost U shape but may be various shapes. For example, 
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the cell may be formed in an almost linear shape as shown in 
Fig. 3A or in an almost spiral shape as shown in Fig. 3B . 
[0077] 

Each of the first coupling member 5 and the second coupling 
member 8 may be prepared as a dedicated one, but alternatively, 
may be formed by using a three-way j oint generally in the market, 
for example. 

[0078] 

Further, according to the analyzing apparatus D configured 
in the aforesaid manner, the irradiation portion 1 is provided 
so as to be directed to the transmission window member 4 coupled 
to the first coupling member 5 and the detector 2 is provided 
so as to be directed to the transmission window member 7 coupled 
to the second coupling member 8. However, the embodiment is 
not limited to this configuration, and the detector 2 may be 
provided so as to be directed to the transmission window member 
4 coupled to the first coupling member 5 and the irradiation 
portion 1 maybe provided so as to be directed to the transmission 
window member 7 coupled to the second coupling member 8, for 
example . 

[0079] 

The cell C may be used as a single unit, but alternatively 

a plurality of the cells C, C, may be used as a single unit 

in a state of being coupled in series or in parallel . Even when 
the cells are configured in the latter case, since the space 
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in which each cell C is disposed can be made small, the entire 
size of the apparatus can scarcely be made large. When a 

plurality of the cells C, C, having respectively different 

lengths (optical lengths) are coupled in series or in parallel, 
it becomes possible to simultaneously analyze the sample S at 
different optical lengths. Further, the cell C formed to have 
a short length, that is, a short optical length is suitable for 
analyzing the sample Sofa high density, while the cell C formed 
to have a long optical length is suitable for analyzing the sample 
S of a low density. Thus, the sample S may be analyzed by using 
only one or plural cells C, C, — suitable for the analysis among 

all the cells C, C, being coupled in view of the density 

of the sample S. 
[0080] 

The cells C can be coupled to each other in a manner, for 
example, that the extruding path coupling port 8c of the second 
coupling member 8 of the one cell C is coupled to the introducing 
path coupling port 5c of the first coupling member 5 of the other 
cell C by means of a suitable tube or a suitable coupling member. 

[0081] 

Further, of course, in the case of coupling the plurality 

of the cells C, C, , it is not necessary to unify the 

configurations of the respective cells C and so various 
configurations of the cells C, C, may be coupled. 

[0082] 



Fig. 4A is a longitudinal sectional view schematically 
showing the configuration of the cell C 2 for analyzing fluid 
(hereinafter called as a cell) according to a second embodiment 
of the invention. In this figure, members having the same 
5 structures as those of the first embodiment are marked with the 
same references and the explanation thereof is omitted 

The cell C 2 of the second embodiment differs from the cell 
C of the first embodiment in a point that light reflection means 
13 is provided in pi ace of the protect ion tube 10 and the reflection 
10 layer 11. That is, the cell C 2 is configured in a manner that 
the sample S flows therein and irradiated light passes through 
the sample S. Thus, the cell includes an inner tube 9 within 
which the sample S passes and the light reflection means 13 which 
is provided on the outer surface of the inner tube 9 to prevent 
15 light incident from the outside from transmitting on the inner 
tube 9 side. 

[0083] 

The light reflection means 13 has a property of reflecting 
light like Al, Au etc., and is formed on the outer surface of 

20 the inner tube 9 by a processing such as coating, winding or 
deposition. The material of the inner tube 9 may be determined 
by taking into consideration that the light reflection means 
13 is formed thereon, and so the material may be resin, glass 
etc., for example. 

25 [0084] 



32 



in 



3; : 



According to the cell C 2 configured in the aforesaid manner, 
the light reflection means 13 has the function of the reflection 
layer 11 of the first embodiment and a function of shielding 
the light incident from the outside of the protection tube 10. 
5 The effect obtained from the cell C 2 thus configured is almost 
same as that of the cell C of the first embodiment. However, 
according to the cell of this embodiment, since it is not necessary 
to use the protection tube 10, it is possible to make the 
configuration thereof more compact. 
10 [0085] 

In order to stabilize the shape of the cell C 2 configured 
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mi in the aforesaid manner, for example, the inner tube 9 may be 



made not flexible, or the inner tube 9 may be made to have such 
m a degree of intensity not being deformed easily or the shape 

15 of the inner tube 9 may be held by the light reflection means 
13 even if the inner tube 9 is flexible. 
[0086] 

Fig. 4B is a longitudinal sectional view schematically 
showing the configuration of the cell C 3 for analyzing fluid 
20 (hereinafter called as a cell) according to a third embodiment 
of the invention. In this figure, members having the same 
structures as those of the first embodiment are marked with the 
same references and the explanation thereof is omitted 

The cell C 3 of the third embodiment is configured in a manner 
25 that the sample S flows therein and irradiated light passes 
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through the sample S. Thus, the cell includes an optical fiber 
16 configured by a hollow core 14 in which the sample S flows 
and a clad 15 formed on the outside of the core 14 and reflecting 
light passing within the core 14, and a protection tube 10 which 
holds the shapeof the optical fiber 16 andprevents light incident 
from the outside from transmitting to the optical fiber 16 side. 
[0087] 

The clad 15 has a refractive index smaller than that of 
the sample S and formed by material (that is, material which 
does not cause change of properties nor deformation such as 
corrosion, dissolution, softening etc. by the sample S and has 
such a property as acid resistance, alkali resistance etc . ) which 
does not absorb light of a wavelength necessary for the 
measurement and does not chemically react with the sample S. 

[0088] 

According to the cell C 3 configured in the af oresaidmanner , 
when light is irradiated from the one end side of the cell C 3 
toward the sample S in a state of being accommodated within the 
core 14, the light passes within the core 14 and reaches the 
other end side of the cell C 3 while being repeatedly reflected 
by the clad 15 having the refractive index smaller than that 
of the sample S. 

[0089] 

The cell C 3 configured in the aforesaid manner can be formed 
by being bent freely within a range not badly affecting on the 
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light transmission. 
[0090] 

Further, according to the cell C 3 configured in the 
aforesaid manner, since the light reaches the other end side 
5 of the cell from the one end side thereof without being lost 
largely even when the core 14 is set to be small in its inner 
diameter (for example, 2mm or less), the core 14 can be set to 
be small in its inner diameter thereby to make small the inner 
volume of the core 14 without causing any inconvenience. 
10 [0091] 

Further, according to the cell C 3 configured in the 
aforesaid manner, since the single member (the protection tube 
10) is provided with a function of holding the shape of the core 
14 and a light shielding function for preventing the light 
15 incident from the outside of the cell C 3 from traveling to the 
optical fiber 16 side, so that none of a large-scaled light 
shielding mechanism or additional many constituent parts are 
reguired. 

[0092] 

20 Further, according to the cell C 3 configured in the 

aforesaidmanner, since the light passes within the core 14 while 
being reflected by the clad 15, the loss of the light is guite 
small and the cell C 3 itself can also be bent freely while 
maintaining such an effect. 

25 [0093] 
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According to the cell C 3 configured in the aforesaid 
manner, since the cell C 3 itself is not surrounded by a hard 
frame etc., the cell C 3 can be changed into a cell C 3 with a 
different cell length by merely cutting the other end side 
(alternatively, may be the one end side or both the end sides) 
of the cell C 3 at a work site thereby to merely couple the other 
end (alternatively, may be the one end or both the ends) of the 
cell C 3 newly formed in this manner to the coupling member, for 
example . 

[0094] 

According to the cell C 3 configured in the af oresaidmanner, 
since the measurement can be performed even with a small amount 
of the sample S by making the optical length longer, the cell 
and the analyzing apparatus are particularly effective when used 
in the measurement such as absorbance, transmitt ivity etc. for 
measuring a small amount of coexisting material (including 
dissolved material) within pure water or ultrapure water at a 
high sensitivity. Incidentally, the protection tube 10 can be 
eliminated when the clad 15 is configured to hold the light 
shielding function for the light incident from the outside and 
the shape holding function. 

[0095] 

As clear from the aforesaid description, the core 14 of 
the third embodiment in a state of accommodating the sample S 
therein corresponds to the inner tube 9 of the first embodiment 
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in the state of accommodating the sample S therein, and the clad 
15 of the third embodiment corresponds to the reflection layer 
11 of the first embodiment. Thus, the effect obtained from the 
cell C 3 configured in the aforesaid manner is almost same as 
the effect obtained from the cell C of the first embodiment, 
and so the further explanation of the effect of the third 
embodiment is omitted. 
[0096] 

Of course, the various kinds of the modification examples 
etc. capable of being implemented in the first embodiment is 
also applicable to the cell C 3 of the third embodiment. 

[0097] 

As described above, according to the invention configured 
in the aforesaid manner, it is possible to provide a cell for 
analyzing fluid and an analyzing apparatus using the cell which 
can improve the degree of freedom as to the arrangement of the 
cell, be disposed at a small space, obtain a sufficient optical 
length by a small amount of the sample, does not require a 
large-sized light shielding mechanism nor an additional many 
constituent parts and can change the optical length easily. 



37 



